An immunological method for the detection of members of the family Enterobacteriaceae in drinking water was developed. The method was based on a sandwich enzyme-linked immunosorbent assay (ELISA) with monoclonal antibody immunoglobulin G2a 898 against enterobacterial common antigen. The enterobacterial common antigen sandwich ELISA combined with selective preenrichment culture could be performed in only 24 h. Six hundred sixty-eight water samples from a variety of German public water supplies were screened to verify the effectiveness of the new method. Ninety-eight percent of the results obtained by the immunological method could be confirmed by conventional microbiological methods. The immunological method proved to be considerably faster and more specific and sensitive than the standard method specified by the German drinking water regulations.
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Standard microbiological methods for testing drinking water are currently based on time-consuming culture techniques and biochemical analyses. These procedures are often inappropriate when rapid intervention is needed. In this report we describe the development and evaluation of a rapid and highly specific immunological method to detect members of the family Enterobacteriaceae in drinking water. A monoclonal antibody (MAb) (immunoglobulin G2a [IgG2a] 898) against the enterobacterial common antigen (ECA) was used in a sandwich enzyme-linked immunosorbent assay (ELISA) to detect Enterobacteriaceae in German drinking water as an alternative to the conventional identification of coliform bacteria. ECA, which was first described by Kunin et al. (8) , is a stable family-specific antigen of all Enterobacteriaceae. Erwinia chrysanthemii is the only enterobacterial species without ECA, whereas Plesiomonas shigelloides, which was previously classified as being in the family Vibrionaceae, was found to produce ECA (9, 16) . ECA is a glycophospholipid built up by a polymer of the trisaccharide repeating unit 4-3-3-MANNACUA-(1-4)-a-D-GLGNAO-(1-3)-a-FUC4NAC-(1-4) covalently linked to an L-glycophosphatidyl residue (7, 11, 13) . ECA is located in the bacterial outer membrane (2) . At present, ECA plays an important role in taxonomy (6) but is rarely used for analytical or diagnostic purposes (12) .
The German drinking water regulations (1) require the absence of Eschenichia coli and coliform bacteria in 100 ml of a water sample. To meet this limitation (i.e., to detect a single E. coli cell in 100 ml), filtration of the water sample and enrichment in a selective medium are needed before the sample is tested in the ELISA. The whole protocol, including the ELISA and overnight cultivation of the bacteria, requires only 24 h.
The new immunological method was compared with an extended modification of the microbiological standard method specified by the German drinking water regulations. Water samples with various degrees of contamination were * Corresponding author.
taken from all steps of drinking water treatment and distribution systems and from groundwater, spring water, and private wells. Besides samples from the Mainz water supplies, samples were obtained from five other German public water supplies and from one public health authority. The samples were collected in sterile 250-ml water bottles containing 0.5 mg of sodium thiosulfate as a chlorine neutralizer, refrigerated, and transported to the laboratory in Mainz by road or rail as soon as possible (at least within 20 h). A 100-ml sample of water was filtered (0.2-,um-pore-size ME24/21 filter; Schleicher & Schuell, Dassel, Germany), and the filter was incubated in 10 ml of lactose-peptone broth (no. 10689; Merck, Darmstadt, Germany) at 37°C. An aliquot of 1 ml was taken after incubation for 20 h. Optimal release of ECA from the outer membrane of the bacteria was achieved by adjusting the pH of the aliquot to 11 with both methods, 39.2% of these samples were positive and 58.8% were negative. For 0.8% of the samples (all with bacterial growth), the ELISA yielded a positive result but no Enterobacteriaceae could be cultured. None of the other bacteria isolated from these samples showed ECA expression when recultured and tested in the ELISA. It is possible that the Enterobacteniaceae in those samples were not culturable anymore and therefore could not be isolated. Interference and antagonistic effects between coliforms and heterotrophic bacteria were previously described (10, 15 We also examined the ECA expression of these strains and compared them with those of other water isolates (see below). The sensitivity of the sandwich ELISA for a standard E. coli K-12 isolate was about 3.9 x 105 CFU/ml. The amount of ECA detected in another five E. coli strains isolated from water samples did not differ very much (Fig.  1) . Depending on the ECA content, the detection limit varied for other species (Fig. 2) . The values ranged from 1.3 x 107 to 3.9 x 10 CFU/ml. The level of ECA expression of a strain of Citrobacterffreundii was higher than those of the E. coli isolates tested. Representative isolates of E. agglomerans and S. fonticola expressed only low levels of ECA. Differences in the ECA contents of different species and even different strains of one species were described previously (3, 13 The use of lactose-containing media particularly favors the isolation of lactose-degrading species of Enterobacteriaceae and therefore meets the legal requirements of the drinking water regulations for the detection of coliform bacteria. Most samples with a positive ECA result contained species belonging to the genera commonly referred to as total coliforms: Escherichia, Citrobacter, Klebsiella, and Enterobacter. E. coli was the most common species isolated, followed by C. freundii (Table 1 ). The high number of E. coli isolates might reflect the identification procedure used (as described above), which favors the detection of E. coli only although other Enterobacteriaceae might additionally be present. Slow-growing species, e.g., E. agglomerans, often did not produce acid or gas within 44 to 48 h of incubation time and would not be detected with the standard methods specified by the German drinking water regulations, which are based mainly on lactose degradation (5). In most cases, the slow-growing species produced a positive signal in the ELISA within the same incubation period and so demonstrate the higher sensitivity of this method. If routine detection of slow-growing species is desirable, prolonging the preenrichment culture could be considered. Most When used for routine quality control of the laboratory of the Stadtwerke Mainz AG, the immunological method was more specific than the standard method. One sample that had been subjected to conditioning and chlorination produced acid and gas in the standard analysis but showed a negative ELISA result. As a consequence, no supplementary sanitation procedures were applied. The ELISA result was confirmed by the subsequent isolation of a lactosedegrading Bacillus sp.
The immunological method is easy to perform and suitable for large numbers of samples during routine drinking water surveys. In combination with growth in the preenrichment medium, the test is particularly designed to detect coliform bacteria. Analysis of drinking water by the standard method requires a minimum of 2 days and a maximum of 
